Calcium-Mediated Allostery of the EGF Fold.
The epidermal growth factor (EGF)-like domain is one of the most abundant disulfide-containing domains in nature and is involved in many cellular processes critical to life. Although many EGF-like domains participate in calcium-dependent functions by responding to the local calcium concentration, little is known about how this responsiveness is programmed at the molecular level. Here, we reveal the structural and environmental determinants underpinning the folding of a synthetic analogue of the EGF-A domain (from the low-density lipoprotein receptor). We show that calcium sensitivity is enabled by an allosteric folding pathway, in which calcium binding is connected to the peptide core through local inter-residue interactions. In the absence of calcium, the fold favors disorder because the inherently weak core is insufficient to stabilize the active form, resulting in substantial loss in activity of 2 orders of magnitude. The EGF-A fold, which can freely transition between active and disordered states, is volatile, and we found it to be intolerant of mutations, unlike other disulfide-rich peptides that have been used as stabilizing frameworks. This volatility is beneficial for modularity/plasticity and appears to have evolved for such a purpose, allowing cellular pathways to sense and respond to environmental cues.